The expression of interleukin-6 (IL-6) mRNA in the focal ischemic rat cortex was studied by means of Northern hybridization. IL-6 mRNA was induced after permanent occlusion of the middle cerebral artery, reached a significant level at 3 h, and peaked at 12 h, i.e., -lO-fold increase in the ischemic zone compared with the nonischemic cortex or sham-operated controls. The in creased IL-6 mRNA was elevated for at least 24 h. Low levels ofIL-6 mRNA were detected in sham-operated rats or in the contralateral nonischemic cortex. The expres sion of c-fos and zif268 mRNAs, two early response Abbreviations used: IL, interleukin; PMCAO, permanent mid dle cerebral artery occlusion; TNF, tumor necrosis factor. Yan HQ, Banos MA, Herregodts P, Hooghe R, Hooghe-Peters EL (1992) Expression of interleukin (IL)-1[3, IL-6 and their respective receptors in the normal rat brain and after injury.
A variety of animal models have been developed to study the mechanisms of ischemic damage to brain tissue. Among these, permanent middle cere bral artery occlusion (PMCAO) in the rat has been shown to share common characteristics with human focal ischemia (Ginsberg and Busto, 1989; Barone et aI. , 1992a; Hsu, 1993) . Focal ischemia is associ ated with an acute inflammatory response (Barone et aI. , 1991 (Barone et aI. , , 1992b , but the nature of the inflamma tory mediators involved in brain ischemia is as yet not understood. Previous work has demonstrated the involvement of proinflammatory cytokines, such as tumor necrosis factor-a (TNF-a) and inter leukin-113 (IL-II3), in rat transient forebrain isch emia (Minami et aI. , 1992) and in rat permanent focal ischemia (Liu et aI. , 1993 (Liu et aI. , , 1994 .
genes, was rapid (increased by I h postischemia) and transient (returned to basal levels by 24 and 12 h, respec tively), clearly having different kinetic patterns from that of IL-6 mRNA. The early response kinetic pattern of c-fos and zif268 mRNAs in focal ischemia suggests their transcriptional regulatory roles in response to ischemic insult, while the delayed induction pattern of IL-6 mRNA suggests a role for this pleiotropic cytokine in the inflam matory response to the focal ischemic damage of the brain. Key Words: c-fos-Focal brain ischemia-Inflam mation-Interleukin-6--Stroke-zif268.
IL-6 is a pleiotropic cytokine that plays a central role in host defense and acute inflammatory re sponses, exhibiting both proinflammatory and anti inflammatory activities (Hirano, 1992; Akira et aI. , 1993) . The abnormal expression and dysregulation of IL-6 have been associated with the pathogenesis of certain diseases including a number of acute in flammatory disorders such as surgical trauma, car diac myxoma, and Alzheimer's disease (Akira et aI. , 1993) . Since IL-6 expression seems to occur in response to several different forms of brain injury (McClain et aI. , 1991; Woodroofe et aI., 1991; Yan et aI. , 1992; Akira et aI. , 1993; Mathiesen et aI. , 1993; Taupin et aI. , 1993) , we postulated that IL-6 might also be associated with the ischemic brain injury that occurs in focal stroke and evaluated its mRNA expression following rat PMCAO in the present study.
Two critical immediate early genes, c-fos and zif268 , are rapidly and transiently induced in re sponse to environmental stimuli (Sheng and Green berg, 1990; Herschman, 1991) . Their gene products are transcription factors that can mediate delayed transcriptional responses. The c-fos proto-onco-gene represents one of the earliest nuclear response genes to a transient ischemic insult in rats (Onodera et aI. , 1989; Hsu, 1993) and gerbils (Kindy et aI. , 1991) . Similarly, zif268 (also named as NGFI-A, egr-1, Krox -24, TIS-8), which encodes a zinc finger motif and functions as a transcription regulator, has also been shown to have rapid expression in tran sient ischemic models (Hsu, 1993; Woodburn et aI. , 1993) . Since the expression patterns of c-fos and zif268 mRNAs in permanent focal ischemic brain tissue have not been previously studied, we evalu ated the time response of these two genes in addi tion to IL-6 for comparative purposes.
MATERIALS AND METHODS
Cerebral focal ischemia was carried out in spon taneously hypertensive rats (SHR; Taconic Farms, Germantown, NY, U. S. A. ) by PMCAO as de scribed in detail previously (Barone et aI. , 1991) .
Sham-operated animals were similarly treated, ex cept that the artery was not occluded. Rats were then overdosed with pentobarbital and forebrains were removed and dissected at different time points after PMCAO (Barone et aI. , 1991 (Barone et aI. , , 1992b . Ipsilat eral (ischemic or sham-operated) cortex and contra lateral (nonischemic or non operated) cortex sam ples were dissected from the brain and immediately frozen in liquid nitrogen and stored at -80°C.
Total cellular RNA was prepared by using acid guanidinium thiocyanate, phenol, and chloroform extraction (Chomczynski and Sacchi, 1987) . RNA samples (20 mg/lane) were electrophoresed through formaldehyde-agarose slab gels (Lehrach et aI. , 1977) U. S. A. ) were described previously (Wang et aI. , 1992 
RESULTS
Northern blot analysis revealed significant, time related increases in ischemic cortex IL-6, c-fos, and zif268 mRNA levels following PMCAO. Figure 1 shows a representative Northern blot for 12 h after sham operation and for various times after PMCAO. Figure 2 1 and 2) . There was about a 10-fold increase in IL-6 mRNA by 12 h post-PMCAO in the ischemic compared with the sham-operated cortex (Fig. 2) . Two different-size IL-6 transcripts (2. 7 and 1. 4 kb) were observed ( Fig. 1) , which displayed a similar mRNA kinetic pattern in response to ischemia. The two transcripts of IL-6 are predicted to be encoded by the same gene but derived from alternative polyadenylation tern in response to ischemic insult (Fig. 2) .
DISCUSSION
IL-6 expression has been suggested to be in volved in the pathology of many pathological reac tions, including acute and chronic inflammatory dis orders and neoplasms (Akira et aI., 1993) . Recently, Vol. 15, No.1, 1995 cerebral overexpression of IL-6 in transgenic mice was shown to cause severe neurologic diseases such as tremor, ataxia, and seizure (Campbell et aI., 1993) . In the present study, we have demonstrated a significant increase in IL-6 mRNA in the ischemic cortex following PMCAO, which is in accord with several observations in other brain injury models. (Mathiesen et aI. , 1993) .
The time course of IL-6 mRNA expression in re sponse to PMCAO presented in this report is very similar to that of IL-IJ3 (Liu et aI. , 1993) and TNF-a (Liu et aI. , 1994) . The parallel kinetic patterns of these genes may suggest their common regulatory mechanism. However, IL-6 expression could be regulated by IL-IJ3 and/or TNF-a as shown in as trocytes (Aloisi et aI. , 1992; Sawada et aI. , 1992) , fibroblasts, and certain tumor cell lines (Akira et aI. , 1993) . Also, the presence of a 23-bp IL-6 mul tiple response element in the IL-6 promoter region (Ray et aI. , 1989) has been shown to be responsible for the induction by IL-IJ3 and TNF-a. Alterna tively, IL-6 has been reported to inhibit lipopoly saccharide-induced TNF-a production in cultured human monocytes (Aderka et aI. , 1989) and monocytes, or cells endogenous to the brain, including neurons (Schobitz et aI. , 1992) , astro cytes, and microglia (Frei et aI. , 1989) , and brain capillary endothelial cells (Rott et aI. , 1993) are pos sible sources to produce IL-6 (reviewed by Akira et aI. , 1993) . Since, in the present PMCAO model, in flammatory cells do not appear in ischemic tissue until 12 h (Clark et aI. , 1993) , increased IL-6 mRNA following focal ischemia appears to originate from cells endogenous to the brain.
In the present study we have demonstrated that PMCAO in the rat, like transient brain ischemic events in the gerbil (Kindy et aI. , 1991) ing peak levels at 30 min to 1 h and decreasing to baseline levels at 3 h (Onodera et aI. , 1989; Kindy et aI. , 1991; An et aI. , 1993) . zif268 gene expression can be induced significantly in response to transient brain ischemia (Hsu et aI. , 1993; Woodburn et aI. , 1993) , but the full time course of its induction has not been previously elucidated. In the present study of permanent focal ischemia, c-fos mRN A expres sion is increased for almost 12 h and its peak ex pression is observed at -3 h postischemia. zif268
mRNA displays a strikingly similar pattern to that of c-fos, except for a relatively higher basal (con stitutive) expression level, which is thought to be driven in part by central norepinephrine and sero tonin inputs in brain (Bhat et aI. , 1992) . The signif icance of these two immediate early response genes in focal ischemia can be predicted from their gene products. zif268 is a zinc finger transcription regu lator that recognizes a consensus DNA motif. The product of c-fos proto-oncogene is able to form a heterodimer with the Jun family members and func tions as a transcription factor to bind to AP-l sites (Morgan and Curran, 1991) . The induction of c-fos, junB, and c-jun expression coupled with a several fold increase in AP-l binding activity has been dem onstrated in rat transient focal ischemia (An et aI. , 1993) .
In conclusion, results from this report have ex tended the previous observations for the c-fos and zif268 gene expression in response to ischemic in jury and suggested their critical regulatory role. The demonstration of elevated IL-6 mRNA in the isch emic brain with a parallel kinetic pattern to that of IL-l� and TNF-a further suggests that IL-6 may play an important role(s) in focal ischemia. Whether this role(s) is pro inflammatory , antiinflammatory, or both, and which cells are involved, will require further experimentation.
